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Specification 

. 1. Title of the Invention 

Gel Layer-Forming, Sustained-Release Pharmaceutical Preparation 

2. Scope of Patent Claim 

A gel layer-forming, sustained-release pharmaceutical preparation, characterized in 
that it comprises a basic drug and carboxyvinyl polymer, or an acidic drug and a salt of 
a carboxyvinyl polymer. 

3. Detailed Description of the Invention 
[Industrial Field of Use] 

The present invention relates to a gel layer-forming, sustained-release 
pharmaceutical preparation comprising a drug and a carboxyvinyl polymer or salt 
thereof. By means of sustained-release pharmaceutical preparations, it is possible to 
retain the effect of a drug for long periods of time, and these preparations are used in 
the field of pharmaceutical drug production for the purpose of preventing adverse 
reactions and reducing the frequency of drug administration to patients by controlling 
the maximum-blood concentration. 

[Prior Art and Problems to be Solved by the Invention] 

Sustained-release pharmaceutical preparations that use substances that are 
insoluble in water, such as wax, are currently available. However, even if a sustained- 
release elution pattern is obtained by in vitro elution tests, when these preparations are 
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actually administered, there are problems with their rate of gastrointestinal migration, 
and the like, and therefore, satisfactory results are not realized because the drug cannot 
stay for long at the site of absorption. Moreover, pharmaceutical^, a variety of additives 
are often necessary in order to control drug elution and therefore, there are problems in 
that drugs that are administered in large closes are of large size, making them difficult to 
swallow, and the like 

[Means for solving problems] 

As a result of performing intense research for the purpose of successfully dealing 
with the above-mentioned problems, the inventors completed the present invention 
upon discovering that the carboxyvinyl polymer of tablets obtained by tableting a basic 
drug and a carboxyvinyl polymer is neutralized by the basic drug to form a gel layer, 
while the carboxyvinyl polymer of tablets obtained by tableting an acidic drug and a 
carboxyvinyl polymer forms a gel layer in the presence of water, and in both cases, the 
elution of the drug can be controlled and the gastrointestinal migration of the drug can 
be prolonged by mucosal adhesion of the gel so that blood concentrations can be 
maintained without a reduction in the amount of drug that is absorbed. 

Emorfazone, carbamazepine, benhepazone, mepirizole, lifeline, 
oxyphenbutazone, ketophenylbutazone, phenylbutazone, isopropylantipyrine, 
thiaramide, benzydamine, tinoridine, meprobamate, hydroxyzine, carbipramine, 
obipramole, chlorprothixene, chlopenthixol, zotepin, caffeine, pindolole, 3,4-dihydro-6- 
(3,4-dimethoxyphenyl)-1-ethyi-3-me^ 

pyrimidinone (refer to the Examples), reserpine, resinamine, deselpidine, 
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methoselpidine, mebutamate, rapterol, dipyridamole, nifedipine, imolamine, nicardipine, 
diltiazem, theophylline, sulpiride, cimetidine, ranitidine, methoclopramide, antibiotic 
preparations (for instance, tetracycline), and the like are cited as examples of basic 
drugs that can be used in the present invention, while tranilast, antibiotic preparations 
[for instance, penicillins, cephalosporins {for instance, 7-[2-(2-aminothiazol-4-yl)-2- 
hydroxyiminoacetamide]-3-vinyl-3-cefem-4-carboxylate} (refer to the Examples), and the 
like are cited as examples of acidic drugs that can be used in the present invention. 

The carboxyvinyl polymer that is used here is a water-soluble polymer having 
many carboxy groups. A primary example is acrylic acid copolymers, such s Carbopol 
(brand name, B. F. Goodrich) and Hibiswako (brand name, Wako Junyaku Co., Ltd.) 

Moreover, the salt of a carboxyvinyl polymer is obtained by reacting a base (for 
instance, sodium hydroxide, potassium hydroxide, ammonia, alkanolamine, or basic 
amino acid) with a carboxyvinyl polymer to form a salt. 

The gel layer-forming, sustained-release pharmaceutical preparation of the 
present invention can be made by mixing a drug, a carboxylvinyl polymer or salt thereof, 
and an ordinary lubricant (for instance, magnesium stearate) and tableting by 
conventional methods, by making the mixture into slag, crushing and sifting, and then 
tableting by conventional methods, or by introducing the mixture into capsules, and the 
like. 

The composition ratio of the carboxyvinyl polymer or salt thereof in the gel layer- 
forming, sustained-release pharmaceutical preparation of the present invention is 
usually 1 to 80%, but it is not limited to this ratio and can be determined as needed 
based on the dose of the drug that will be used, the desired retention time, and the like. 
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However, in general, the elution of a drug from a pharmaceutical preparation can be 
delayed by increasing the composition ratio of carboxyvinyl polymer or salt thereof. 

The gel layer-forming, sustained-release pharmaceutical preparation of the 
present invention can be formulated from a drug, a carboxyvinyl polymer or salt thereof, 
and a small amount of lubricant, and therefore, the production method is simple when 
compared to methods for conventional sustained-release pharmaceutical preparations. 
Moreover, there is an advantage in that a sustained-release pharmaceutical preparation 
of small size can be made, even if the dose of the drug is large. The gel layer-forming 
pharmaceutical preparation of the present invention can also be formulated by adding 
fillers to the above-mentioned components (for instance, lactose, sucrose, mannitol, and 
various types of starches), as well as binders (for instance, 

hydroxypropylmethylcellulose and dextrin), disintegrators (hydroxypropylcellulose with a 
low degree of substitution, carboxymethylcellulose sodium, and the like), sugar coating 
agents, film coating agents, and the like. 

If the drug that is used is very slightly soluble and it is concluded that absorption 
in the blood would be insufficient if it is used as is, the drug can be pre-introduced into a 
freely soluble solid, and the like. 

This solid is produced, for instance, by uniformly dispersing the drug in a water- 
soluble polymer (for instance, hydroxypropylmethylcellulose). 

[Examples] 

The present invention will now be described with examples. 



The chemical name and structural formula of the primary drugs used in the 
examples are given below: 
1) Name in examples 
Generic name: cimetidine (anti-ulcer drug) 
Structural formula: 



2) Name in examples 
Pyrimidine A (cardiotonic) 
Chemical name: 

3,4-dihydro-6-(3,4-dimethoxyphenyl)-1-ethyl-3-methyl-4-(2,4,6- 
trimethylphenylimino)-2(1 H)-pyrimidinone 
Structural formula: 



3) Name in examples: 
Cephalosporin A (antibiotic) 
Chemical name: 

7-[2-(2-aminothiazol-4-yl)-2-hydroxyiminoacetamide]-3-vinyl-3-cefem-4- 
carboxylate 

Structural formula: 






Example 1 

Cimetidine (5 g), Carbopol 940 (2.5 g), and magnesium stearate (0.0375 g) were 
mixed and tableted by conventional methods. They were then pulverized into particles 
that would pass through a 42-mesh sieve. 

Five grams of the particles that were made in this way were measured out and 
re-tableted to obtain tablets. 

These tablets had the following composition per tablet: 

Cimetidine 200 mg 

Carbopol 940 100 mg 

Magnesium stearate 1.5 mg 

301.5 mg ~~ " 

Example 2 

Five grams of cimetidine, 0.625 g of Carbopol 940, 1 .875 g of corn starch, and 
0.0375 g of magnesium stearate were mixed and tableted by conventional methods. 
They were then pulverized into particles that would pass through a 42-mesh sieve. 

Five grams of the particles that were made in this way were measured out and 
re-tableted to obtain tablets. 

These tablets had the following composition per tablet: 

Cimetidine 200 mg 

Carbopol 940 25 mg 



Corn starch 75 mg 

Magnesium stearate 1.5 mg 
_ 301.5 mg 

Example 3 

Tablets having the following composition were obtained as in Example 2. 



Cimetidine 200 mg 

Carbopol 940 10 mg 

Corn starch 90 mg 

Magnesium stearate 1 .5 mg 



301.5 mg 

Example 4 

Two grams of pyrimidine A were dissolved in 40 g of ethanol and then 10 g of 
hydroxypropylmethylcellulose were added to this solution and kneaded. This kneaded 
product was vacuum dried for 12 hours at 50°C and then pulverized. 

Six grams of the pyrimidine A-containing solid particles produced in this way 
were measured out, 1 .5 g of Carbopol 940, 1 g of corn starch, and 0.05 g of magnesium 
stearate were mixed, and then tablets were obtained by conventional methods. 

These tablets had the following composition per tablet: 

Pyrimidine A 10 mg 

Carbopol 940 15 mg 

Hydroxypropylmethylcellulose 50 mg 

Corn starch 10 mg 



Magnesium stearate 0.5 mg 

85.5 mg 

Example 5 

After dissolving 2.4 g of sodium hydroxide in 19.2 g of methanol, 6 g of Carbopol 
940 were added and dispersed. The product was filtered and vacuum dried overnight to 
obtain particles that would pass through a 42 mesh sieve. 

Next, 5.065 g of cephalosporin A and 0.1 g of magnesium stearate were mixed 
with 3.5 g of the Carbopol 940 sodium granules that had been made in this way. The 
mixture was tableted by conventional methods to obtain tablets. 

These tablets had the following composition per tablet. 

Cephalosporin A 1 01 .3 mg 

(content 98.7%) (1 00 mg titer) 

Carbopol 940 sodium 70 mg 

Magnesium stearate 2 mg 



173.3 mg 

[Results of the Invention] 

The typical results of tests are cited below in order to display the effect of the 
present invention. 

Sample tablet A: Tablets obtained by above-mentioned Example 1 (containing 
200 mg of cimetidine per tablet) 



Sample tablet B: Tablets obtained by above-mentioned Example 2 (containing 
200 mg of cimetidine per tablet) 

Sample tablet C: Tablets obtained by above-mentioned Example 3 (containing 
200 mg of cimetidine per tablet) 

Sample tablet D: Tablets obtained by above-mentioned Example 4 (containing 
10 mg of pyrimidine A per tablet) 

Sample tablet E: Tablets obtained by above-mentioned Example 5 (containing 
1 00 mg titer of cephalosporin A per tablet) 

Control tablets: Described later (containing 200 mg of cimetidine per tablet) 

Elution Tests 

Test method 

Dilution test method: Paddle method, 10th Revised Edition of the Pharmacopeia 
of Japan (Fluid No. 2, 900 ml, 37°C, 100 rpm) 
Test results 

The results of elution tests are shown in Table 1 . 



Table 1. 





Elution (%) 




0.25 hr 


0.5 hr 


1 hr 


2 hr 


Sample tablet A 


4.5 


6.0 


10.8 


18.1 


Sample tablet B 


5.3 


8.4 


15.9 


27.0 


Sample tablet C 


6.1 


10.5 


19.7 


35.5 


Control tablet 


100.0 









Elution (%) 


3 hr 


4 hr 


6 hr 


8 hr 


10 hr 


25.7 


31.2 


44.0 


57.4 


71.4 


36.3 . 


46.9 


64.2 


80.5 


94.2 


50.4 


67.5 


102.6 


101.8 















11 



Absorption and Excretion Tests 
Test 1 

Male beagles in groups of five animals that had been fasted overnight were orally 
administered one of the above-mentioned sample tablet A or a control tablet whose 
composition is shown below (containing 200 mg of cimetidine) together with 30 ml of 
water. Blood was collected over time and the cimetidine concentration in whole blood 



was determined by liquid chromatography. 
Composition of control tablets 

Cimetidine 200 mg 

Carboxymethylcellulose sodium 1 0 mg - 

Polyvinylpyrrolidone 6.7 mg 

Corn starch 7.3 mg 

Crystalline cellulose 54 mg 

Magnesium stearate 1 .5 mg 

Sodium laurate 0.5 mg 
Hydroxypropylmethylcellulose 2910 4.4 mg 

Macrogol 6000 0.6 mg 



287 mg 

Test Results 

The whole blood concentration of cimetidine at each time point and the area 
under the curve (AUC) are shown as the mean ± standard deviation of five beagles in 
Table 2. 
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Table 2. 





Whole blood concentration (pg/ml) 




0.25 hr 


0.5 hr 


1 hr 


1.5 hr 


Sample tablet A 




0.9 


1.8 








±0.1 


±0.2 




Control tablet 


4.5 


10.2 


11.0 


9.0 




±2.2 ' 


±2.0 


±0.6 


±0.6 



Whole blood concentration (|ig/ml) 


2 hr 


4 hr 


6 hr 


8 hr 


10 hr 


12 hr 


24 hr 


2.5 


2.9 


2.9 


2.4 


1.6 


0.9 


0.1 


±0.3 


±0.4 


±0.7 


±0.7 


±0.3 


±0.3 


±0.1 


7.4 


3.2 


1.4 










±0.4 


±0.2 


±0.2 











AUC (|ig ■ ml' 1 ■ hr) 

~ 322 
±5.8 
32.0 
±2.3 



Test 2 

The above-mentioned sample tablet D or the control aqueous solution A shown 
below (both containing 10 mg of pyrimidine A) was orally administered to male beagles 
that had been fasted overnight. Blood was collected over time and the concentration of 
pyrimidine A in the blood was determined by high-performance liquid chromatography. 
It should be noted that sample tablet D was administered together with 30 ml of water. 
Moreover, three beagles were administered the sample tablet D and six beagles were 
administered the control aqueous solution A. 

(Preparation of control aqueous solution A) 
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After dissolving 100 mg of pyrimidine A in 0.1 N hydrochloric acid, the solution 
was brought to 100 ml with distilled water. 
Test results 

The blood concentration of pyrimidine at each time point and the AUC are shown 
as the mean ± standard deviation for the three beagles administered the sample tablet 
D and for the six beagles administered the control aqueous solution A. 



Table 3. 





Serum concentration (ng/ 


ml) 








0.25 hr 


0.5 hr 


1 hr 


2 hr 


3 hr 


Sample tablet D 


32 


41 


54 


93 


136 




±11 


±15 


±8 


±15 


±2 


Control aqueous 


524 


440 


182 


52 




solution A 


±63 


±115 


±58 


±12 





Serum concentration ( 


ng/ml) 


AUC (ng • 


4 hr 


6 hr 


8 hr 


10 hr 


12 hr 


ml" 1 • hr) 


88 


44 




33 


28 


29 


665 


±21 


±12 




±7 


±4 


±1 


±56 


38 


18 










604 


±10 


±10 










±96 



Test 3 

Male beagles in groups of four that had been fasted overnight were orally 
administered the above-mentioned sample tablet E or the control aqueous solution B 
shown below (both containing 100 mg potency of cephalosporin A). Blood was 
collected overtime and the blood concentration of cephalosporin A was determined by 
high-performance liquid chromatography. It should be noted that tablet E was 
administered together with 30 ml of water. 
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(Preparation of control aqueous solution B) 

After dissolving 500 mg potency of cephalosporin A in a small amount of 
aqueous 2% sodium bicarbonate solution, the solution was brought to 50 ml with 
distilled water. 

Test results 

The serum concentration of cephalosporin A at each time point and the AUG are 
shown as the mean ± standard deviation for four beagles in Table 4. 



Table 4. 







Serum concentration 


(ug/ml) 






0.5 hr 


1 hr 


2 hr 


3 hr 


4 hr 


Sample tablet E 


0.9 


2.2 


4.6 


8.1 . 


13.5 




±0.5 


±0.9 


±1.6 


±2.7 


±3.6 


Control aqueous 


3.6 


13.3 


21.7 


23.0 


20.2 


solution B 


±1.6 


±3.3 


±3.3 


±4.0 


±3.4 



Serum concentration (ug/ml) 


AUC (ng • ml' 1 • 


6 hr 


8 hr 


10 hr 


24 hr 


hr) 


15.7 


12.7 


9.9 


1.7 


182.6 


±3.1 


±2.2 


±2.4 


±0.6 


±34.2 


15.0 


9.1 


6.9 


1.0 


196.7 


.±3.0 


±2.1 


±1.8 


±0.3 


±40.6 



It is clear from the elution tests that the gel layer-forming, sustained-release 
pharmaceutical, preparation of the present invention can gradually elute the drug at a 
constant rate and the elution rate can be changed as needed by changing the amount 
of Carbopol 940. 

Moreover, it is clear from the results of absorption and excretion tests that the gel 
layer-forming, sustained-release pharmaceutical preparation of the present invention 
can maintain a drug blood concentration for a long period of time without a reduction in 
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the amount of drug that is absorbed when compared to the administration of ordinary 
tablets and aqueous solutions. 

As previously described, the gel layer-forming, sustained-release pharmaceutical 
preparation of the present invention has various excellent results and solves the various 
problems of the prior art. 
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36. 3 


46. 9 


64. 2 


80. 5 


94. 2 




50.4 


67. 5 


102. 6 


ioi:fi 



















^^niCC^fnt'^f/Vt L T 200 ing 
* ) r -?*30a* £ i 4, tc g P & t , @ fitj 



J£ «; ? o -7 ^9 7 ^ -l: J: ^JfflgL t. 

•> / f- 5/ V 200mg 

t^D — X * /U ■> £ 1 Omg 

# U t'i^ tn'J K V 6. 7mg 

h ? * a a 7 s > -? > 7. 3ng 

»S A ± A- o - * 54mg 

■at r v/n^^^vn i . 5og 

^UfiiSt MJn O.Smg 

/ T /U -fe /U d - 7, 291 0 4. 4og 

K ft T * > 2mg 
t ? d ^' — )V 6000 0. 6mg 

287og 

3c 2 £ * B* i= <t ft y > f V v <7> £ flU * « JK 
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g 2 







0. 25hr 


0. 5 hr 


1 hr 


I. 5 hr 


fit S3 A 




. 0. 9 
±0. 1 


1. 8 
±0. 2 




» fi& 
£5 ffi) 


4.5 

±2. 2 


10. 2 
±2. 0 


11.0 
tO. 6 


9. 0 
±0. 6 





2 br 


4 hr 


6 hr 


8 hr 


lOhr 


12hr 


24br 


2. 5 
±0. 3 


2. 9 
±0. 4 


2. 9 
±0. 7 


2. 4 

±0. 7 


1.6 
±0. 3 


0.9 
±0.3 


0. 1 
±0. 1 


7.4 
±0. 4 


3. 2 
±0.2 


1.4 

±0. 2 











A U C 



32.2 
±5.8 



32.0 
±2.3 



Sc 3 









0.25hr 


0. 5hr 


1 hr 


2 hr 


3 hr 




32 


41 


54 


63 


136 


&m d 


±11 


±15 


±8 


±15 


±2 


*r as* 


524 


440 


182 


52 




mm a 


±63 


±115 


±58 


±12 







A U C . 

(ng - c* M 
•hr) 


4 hr 


6 hr 


8 br 


lOhr 


12hr 


88 
±21 


44 

±12 


33 
±7 


28 
±4 


29 
±1 


665 
±56 


38 
±10 


18 
±10 








604 
±66 



ft sft a 3 

^)^So»^L, ftB*ttfcifii«E*«J&'l,* * 
7 t ua;i?yvAtoHe>ifo« + ««*H»*tt* 



ftfflHfl B2-77335(5) 

Di> eiTKjR-fWJRrtfctt A C ^fti <fa tr 'J i 
>? V A <fy ft t Lt 10n>g ***:>*@Pft-£L, & 

as ft k mm * miz i % tr s > AtoKwrntn* 

fc. D II *30n8 t t K ft 4 L it. 

* f§ *fc A K O ^ T li 6 ffi T *> o . 
C *Jfta*i3#A<7>iS!*!) 

$ v V AfeHlOOmgfcO.l N£RTig*?tt\ 
3Rffl3KTlObm ct *f 5. 

^ 3 (C 3- B* ,S ft It -5 tr 'J * v v A to ft <r> flt 
*ffiJKfc*t/AUCfcKI*S*a3Di::ow-ci±3 

a), wm^ftUAK-j^TtteaoTftiftipR 




*J * gffllEli* 30*4 i: £ t i:ft^Lfc. 

* 7 7 o * »; > A to ft 500og^j ffi £ 2 % K 
*a?-7-h'J7/>#*tt^ftTW»au E @ * T 50 

3? 4 i;^flJ^(;^ltit7T a * # U v A to ft 
<Oiflift^«J&*iJ:tfAUC*: t*-^^^4K«7)^F*5 
fg ± 8 * & £ £ LT^t, 
S 4 







0. 5 br 


I hr 


2 hr 


3 hr 


4 hr 


JKflJ E 


0. 9 
±0. 5 


2. 2 
±0. 9 


4. 6 
±1.6 


8. 1 
±2. 7 


13.5 
±3. 6 


n 

i£ B 


3.6 
±1.6 


13. 3 
±3. 3 


21. 7 
±3. 3 


23. 0 
±4.0 


20. 2 
±3. 4 
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?.fiaeaBii-7733. r )(6) 



UHfS4»'ajE(>«/infi ) 


A U C 


6 hr 


8 br 


lOhr 


24br 


(« nfi" l hr) 


15. 7 


12. 7 


9. 9 


1.7 


182. 6 


±3. 1 


±2. 2 


±2. 4 


±0. 6 


±34. 2 


15. 0 


9. 1 


6. 9 


1.0 


196. 7 


±3. 0 


±2. 1 


±1.8 


±0. 3 


±40. 6 



# T £ , 3 - - /t 940(7) ft^^i d : £ 13 

* e* H3 # & lb T * 
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